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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To provide a new nonaqueous electrolyte secondary battery excellent in a charge/discharge characteristic at high 
voltage with high energy density further with a long cycle life and a method of manufacturing this battery. 
CONSTITUTION: In a nonaqueous electrolyte secondary battery comprising at least positive/negative electrodes and a lithium 
ion conductive nonaqueous electrolyte, as a negative electrode active material, a composite oxide, represented by a 
composition formula LixSM-yMyOz (where 0<x, 0<y<1, 0<z<2) to contain lithium of silicon Si with a metal except alkaline metal 
or similar metal M except silicon, is used. In this way, the secondary battery, having low poor potential of the negative electrode 
active material, large charge/discharge capacity in a poor potential region of 0 to 1V relating to metal lithium, high voltage high 
energy density, further excellence in a large current charge/discharge characteristic, also small deterioration by an 
overcharge/overdischarge and a long cycle life, is obtained. 
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(57) [ttflFlft:R<Z>f&H] 

>W. ?>^>Mn, *|>|B, X/SnMPb* 

tr 4r -f ^ omitW 4" © dr -f tH <h tc iH M t Wt * <D 
Jt£a : y : zfgLfct^, a + y=l. 0<y< 
1, 0<Z<2t?SS-i^ittiS<fr^ii^llB«CD 

if y -f * Wg?(fc«3 * tD y'f m t. U r> A ii 7t ^ M t (DM 
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^OUTSCCDH:^ a : x : y : z <»:3iLfc£€r. 0< 
x, a + y=l. 0<y<l, 0<z<2T*5^tS: 

ftft©»**zj&«0<z£l. 5 f 
SWjfcJit l S 3 uttti* 1 JKE«cd#*«#Wz:#:« 

m. 

{bt>g>7£^Mg>gy^t Q<y<o, 7 5 Tfc-5C£g# 



(2) 



4#?lFSg3 0 1 0 2 2 6^ 



5, — figiS L i a Tb02 T^an, fib. T«S 
^^JStc^> a. bWn?no<a^l. 15. 0. 

1 a TbL c Q2 T^Sft, fib. Tte 
0<a^l. 15, 0. 85^b + c^l. 3. 0<c 
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[ffitjfcJSlO] RJMcttftK&LT. #*mmi:V7 
0, X^U 

SCt 1*59 t»^n* 1 

imxm 1 1 1 tt#*«flMK*t. * 
[flsi] 



R - 0 .v. 

jC = o 

R' - 0' 



«Mi. 

[»#JS12] g[R • R 'liTJM^rt — h# 

m?VT\ 5-^m£7i.mM(D—f®jf: s ; i- y M y o z > {&l 

0<y<l, 0<z<2, 7t^M«^^>Ti. 
Xf>W, T>f>Mn, ##3fiB. XXSnStf»P 

b*»5a«n* ia*fc«2aw±©7c^, ^ns. 

©««<fc*fi*K:tt?K drf *tl*7C*MO»fl:«S_I_ 
l-yMyOz tC'J^^A-f ^->^1R^^1±T, U^CA£ 

^T-s miim7£mM<omtyiL i x s i i- y M v o z 

b*^jitfna ia*fc«2aw±<?57c^M#^feb< 
-t. en uxuf^A-r ^y^w-mmm 



[0 0 0 1] 
JO [0 0 0 2] 

[0 0 0 3] CCD«©-^«fttiOiEffi*ei^-rS 
IEffif§1&!ft<i:bT«, 3cSfc®KJS©^8gK:ft»3TfficD3 

tt, TiS 2 , MoS 2 , NbSe 3 ^V>&mt))Vuy 
Wb#J-^. Mn0 2 , M0O3, V 2 O5 , Lij Co 
50 O2 , L i x N i 0 2 . L i x Mn 2 O4 tgO&mWUt 
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•j^ai' (xn-y) <r>frtM yf—tiv- > 3 

-f^. m2®^<y«. #'J7^U>> *L)tfD-;k 
OTZP-f?. S3 0^y(J. if^yy^ hmmik-s 

[0 0 0 4] CC7>ffl«ffiic7)ft®ffi^lKtLT«, 
&Jg 'J ^ 9 A * m?£ Tffl ^ fcV^tfttM&tf* 

£»&T5fc«&, IlffilliibT (1) UWAtA 
1, Zn, Sn, Pb, Bi, C d^coffi^JHtO^- 
(2)W0 2 , MoOj, Fe 2 0 3 , TiS 2 ? 

S*fcJilWfl:^«il»*^tt#AflS^«i. (3) UfF-^A 
fMtflSSH 1 ** © U ? «> A-f :* > *©B?»ffinJffi>S:^H 
[0 0 0 5] 

AcD«SHfi:J;0«T*-5.fcae). «ffc©fP»@EE#Affi 
iSf St LT^JB U A ^m^Tffl l^fc«£<fc 0 

1, Zn, Pb, Sn, Bi, C d^©£:&£ffl (a-2>*§ 
^IC«0. 2~0. 8V, ^-U^^AJiiaift^ftT? 
B0-1V, M0O2 WO2 fWUf'i'A'ft^f A 
fl^flrCttO. 5~ 1 . 5V#»tffi*tfiTt4. 

[0 0 0 6] X, U^^A^WTC^fe^^^figS^.*: 

WiKETt*. Mic ±te© (1) 

ifi*Hi©^*fflv>ftl^i:B;. 'J ^£ 

jws^t^sragtf&o, (2) ou^^Aep B m^% 



(3) 4$flFSg3 0 1 0 2 2 
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ffi*<<£V>£t> 5 0. (3) ©«®teiii$Hf©« 

[0 0 0 7] C©fci6, B©EE. ii5X^l/^-^ST. 

t#^>fc46tC«, U?^AlC^T-5^ffi«fi^fi£< 

fc) . ?ESJtmBtO'J5 1 ^A'f ^XDK^Hi^fe^i^a 

iSeWK U 3^ A-T ^>SrKK»ffit?^-5fiEP^W^5tS!t 

[0 0 0 8] 

[l£j8£fl?&-f-5;fcf*©^ga:] *&Wte. ±fg(D^^^ 

fflWLU Sii-yM y O z (fiL, 0^x, 0< 
y<l, 0<z<2) TiSn, TJVtt U&J5§£I&<& 

m fe b < «^-r s^*^ < m&m-c&z>7imM t tr -i m s 

£>t>©T&-S. BP^. ^'f5?S©JlCT8:<i:&K*>U<tt§I 
10 ^MM©^gcW¥0(C*fT-2>^^©IS^S:©itz^2* 

©ateSMfcttSJliU*. ^©Hg^m^+TWU^^A 
©t£^te±£: LT-f*>T'*5u L»#*f U 

m&mikmmi£\z&&-r2>f&m-v$>ntt&<, o^x 

^ [0 0 0 9] Stic. *5§BJ#^«. MfiKiCL i x S i O 
z 0^x. 0<z<2) TiStl, U^9ASr 

2±mmw. (^M'j^-^a) fc*tu^^< <t=bo~3 v© 

JCcfcO. #JC0~ 1 V©*a*tt«*K»T*Kiei^ 

L^ff^m^Ufc WS¥5- 35851. 1^5-16 
2 9 5 8) . L^U-^, ^©^©W^tCJcD^'J^^A 
Sr^^-r-S^-f mamitVlL i x SiO z ©y-f S^S i 
©-«S7;P*U£K«l*<&KXtt$r-r*«l*<S|& 
BT*47£*Mlce«lt>L<«^r'f SRtCTcSRMSJn^., 
y-f ^t*CMSr*#^-ti-fcL i x S I i- y My O z S 

© u a *-&#-r ^ y-r ^ t tc^m oiK^B^b* t-r 

SCtK&D, 'Jf>ASfIi:»LT0~lVO$)S: 
«{4^T?©?t&«^ftSUt-fc»«^^^<i: 0 A^ < . 

03catt#i4©snfcfc©*^#e,ti^vs:^,^ab, * 
jo [0010] mm&mm&m&L-rz&m t> l < 
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JKMibTtt. T I , V. W, Mn, Fe, Co, N 
I, Cu, Nb%?e>M&&m, Zn, Cd, Mg. B 
a. Pb, Sn, A 1 %$<DT)\/t) <)&ffl : &f&<&ffl J $'. 
B, C. Ge, Sb, Pm<D5-'{% : £f&<M&m^&m 

a§IUPACCDi«<tfA«ffi, 1 9 8 9 *P&ffTllfi) 

4i&~ i ome>&&&mx\z i 3®ix« 1 4mv>&mh 

wfnicttTSMrojSH^&roity «, 0<y<i<z>3eHT 

Tfcg&5#, 0<y<0. 7 5, <fcD$?£b<teO< 
y < 0 .... .5.K*WTWlC-«nfc**Wtt*«»5n'*© 
T, £ft*>©*&B#«fc9*F£bH. r£Sfcb<tt 

s^SMi^T'f ass i (DmT&vmzM? zmm o e>m 

^ft©JtzttO<z<2Ta&fttf£lA#, 0<z^l. 

5 roi^ K«fc«nfc3te»*wtto t> ©a«# s ft * © 

[0 0 11] *»W«ft©Jltt«S'»RtUTffl^6n* 
«"*£»{fc«L i x S i i- y M y O z 0«F*b^«jfi^F 

tstLtn tib© 2 wgw^auitf cm 

SfclBfcttSft&n. Sg-©;£i*«:, dr-f Jfi<t-k3B©7c 

*m t u o a ©& * ©j*#x tt-tn e nit^m 

©^;|/itT^b;m?S€rb&at<=>, Wtt^i^*^ 
UtTMlLT^r-f Sfi tTC^Mi U g 1 ^ A©tt£Fitffc; 

its c 1 1 ± o ©sftt *t*t«ft^«a«ff s 

b^. Ctie>©ttl«ll*SKZ)ig^^iLT«, 3-JgC£f© 

f8!S*^!&ffiaS?B»CJ:oTfcS&*;&*. 4 0 0° C 
«±T^fi£^pI^TafeO. 0SKIJ6OO' C«±© 

— jfir. ^filttSffl^^^K^^^-ctis o 
o° ctAtvum.-vtr^ mt.4m<D>r^ mmitmz.7f&j 

~8oo° cwjasawsbt*. 

[0 0 12] Cft£©|iJf£SC®©iifi-&-t*© + T. 
AroMIfliLTSfUffAL i 2 O. ^itft'J^ 
?AL i OH, L i 2 CO3 XttL i NO3 m<D^^ 



(4) #fF^3 0 1 0 2 2 6^ 
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ft S ©TKfQ^* ©figfcg&a&g (C J: 0 Kffc U V A * £ 
-flgm#t)L<«>5r< &©<6&B£fl;4£lS i O z - (fib, 

o<z* <2) £, $.tz7imM<Dmi&mntLTM<7>m 
fchis<\zM<D&m?mmit®Mo Z " (fib, o< z " 

<2) *JHH*»£l::tt. •?-ft'i>©*g£#l£T7§tiif?H 

10 m-c$>oft\zft 

[0 0 13] LTft^ftfcU^ASr-^W-ra 

y-r*i7E^Mo^-&®f'ft;^i«, cft£-?-©i;£fcb< 

tt&glC <fc D f#?£®E!ft^jt ©ini£J£.b 

ffi-aWtit® t. u ^ a % l < « u ^ A^-^rr-s^e 

tvnfMt^WKfolZilzK) , u©Uf?A^ft5^ 
•f m tTtm M KM K U •> A -f * > £ 

[0 0 14] ^— T-#>, U^A3rg-*rb& 
^<3t€<fc7C5RMWte£&flSigjS i i_y M y O z (fi 
L, 0<y<l. 0<z<2) tt^ftfc^T-f 
*t7C*M©tt«^«fl:»S i i- y My Oz iUf-JA 

ftO, y^^tTC^MOS^-a-SEfb^S i 1-y My Oz 

-f mtTt^MWtt^^b^lL i x S i l-y My O z 

[0 0 15] C©*fc$r-f*£56*M©*£»fl:»S i 

l-y My Oz «, ^fi£»c^LU^'>A-^ug 1 'i'Aft;-&#; 

mm. * x « 4r-f m t ft m u am m v>mt$c t ^ a «fc o \z 

Sft-5. tB^lgifBfi^-Sy'f JgtTCiftMco-^ft^ftcofl: 
S„ Cft&©tB^i(Sf«>m^-a-©*-r?. ^r^5gCD«^j|g 

tbT^r-rm^ ; bb<«^-r*©<g;)»^b^s iO z - 

({&b. 0<z' <2) Sfe7C^M©«^<Efi:L, 
TM©^#feb<«M©fS^ffii^{bt)MOz" (fib, 
0<z" <2) *nt><DM%®%7f. 

a^H^f^^Sfc b < \zmmfti£^oMW&vB < 

Sfc3fea«#tt©^ftfefe(7)j!»t#^ 
5tf ft-5©Tii?£b^. #tC, TC^MCO^i^milSf.tbTMCD 
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mzm? *>&%m?fk z - a< o < z ■• ^ 1 . 5 ©<g 
mm-smms i i- y m y o z «k^®^z^o< 

#H**/Jn£ < . *m^T©S&m4#tt#tetxfct>©7W# 
[0016] ±te©mm*fc#W£j&t::ffl^s&© 

ms i i-y My o z ^<Dm$Lit&K>Rmz&z>>)rvi» 

35, #M£WKfct#©&(CbTfT5d<fc^ffi&£. gp-£, 

(1) y-r mhTtrnMCDmrn^mit^ixutnibiimm 
sua tf*s*sw izcDU^m^m^mmz^rnvrzh^ 

AS^rTS'lMlft'bS— #©*« iLT'Jf 
t!-Tm^fc3Hr;P£$/&b. «Ufl«*t*v-HRfc*-r 
>S^r-T*i:7C*M©tt*^*fl;«jk:«]K$-li-a. t#6 

nfc ttfpffl a * * © s * ft ti <t b rx tt a® * mm? * 

3. (2) 3r-**fc5c*M©tt*^«fl:*Xtt*ne.£ 

<t ©s^»i frric» b . 

cntC U A t> b < tt >J 5^ A©-&3t^£JE3l LT %> 

Kftb^fltffc^lftKU^A^y^i^TcSSlMWKtt^ 
^{b^jlCK^^n^^ffi. (3) ar-f *£7E*M©tMf 

* s 5 c 1 1 c «fc 0 ie m <b m. m $ n tz u <?■ o a -r sj- > 

[0 0 17] ClW^lCL-Ttt^n^U^^A^^-r-S 
y^sii£7G3fiM©tt£-gtft$&L i X S i i-y My O z <£ 
iIffi»IiLTffll»5. IEli&f5ft<»:LT«, 
mrtfi©ttlK:T i S 2 , M0S2, Nb S e 3 #©&JH# 
>fi4^, Mn0 2 , M0O3 , V 2 O5 , Li 
XC0O2, L ix N1O2 , LiiMn2 O4 

mmt®. #'j7-u>. #u tfp-;K #u/^7i 
[0 0 18] 4#fC, jfraiijouysrAfc^rray-r* 

tTC^MWtt^K^L i x S i 1-y My O z «»4bK 



(5) «fM3 0 1 0 2 2 6^ 
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«tt**2V£U:, «fc0#$b<fiV 2 O5 . Mn0 2 , 
L i x C o0 2 , L i X N i 0 2 ^>L i x Mn 2 O4 m 

mw&*m nfciEffi -a-* c <t \z a 0iU«EEi« 

[0 0 19] #K, *iil:tt5iJf7Amt5^ 
-f *t7C*-M.O«||^«<t.«l.L i X S i i-y My O z £ 
^Mt-r-SAffit^tC. ffij&sS^L i a T b L c 0 2 
TiStl. fib, T«jg^^JS7C^, L«*£3?iBRtf 

y-r^s i «**^iii«nfeia«±©^^M7c^-t?* 

0 , a , b , c 0 < a ^ 1 . 15. 0. 85 

£b + c£l. 3. 0^cT?$t). U^A£-£#LS 

tcSf*b^. 

[0 0 2 0] *«W«»©iE«S«R4:bTJB^&n* 
K^^fi^L i a T b L c 0 2 tt&OJc^KLT^c 
•T-SClt^Ui*^)., Hl-fe, Uf7AL i, S^iTS 

b<tt 700-900' c©jaST*ni»«§fiE-r-5citt 
JO Li, TSyLfroMEiLTftl 

tea. ^sttiiH^^Tttj^fiK-rsdifeBiffi-c* 

[0 0 2 1] m^L i a T b L c 0 2 »C»T. L i fi 
a tt±E©ttlR&«K»^Tttjejt»J* a = 1 tfmmT 

± i 5 %mm<n^fett&i&*>-ojm-c$>K>. x. 
^ ->a >^»c<t o o<a^ i . i satnjftr^i&s,, 

ITtLTIt Co, Ni, Fe, Mn, Cr, V^* 

$?£b<, #jcco, Ni^Mtwinx^tiSf 

*bt». ^^^R^/X«^-f 5H©Sc&tfjg;£&JilT 
©fibtbT«. 0<c«^0. 85^b + c^l. 3 

c^ja^StjztlCteTb. 0<c^0. 5\Z^xm 
50 [0 0 2 2] X, IdliLTIi, r-^fP77h 
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>. #*—h. X^U>*— K 

;|/#-#*-K ^f 1 ;!'?*— *-f K 1. 2-v^h 
+ ^15- >, fh7tFD77>, yt+V5>, v 5 * 

Sfifi»ItUTLlC104 , LiPF 6 , L1BF 
4 , L1CF 3 SO3 ^»'J^A-r*>»8itf::&£J8 

Hfts-a-fcrt^HflctBumaatittL i 3 n, l i 1 /o 

[0 0 2 3] mz. >) Z>5--( %ii7L%M 

<Dmm-&mik®L 1 x s 1 i- y m y o z sisstts 

ftfftt. f!filli:LTX?l/>*-^-h (EC) 
***T (W$&«»&) £flH>fc*§£Kl, 

*«tt*w«>. s6C5e«<tT«&»t:iC (1) -e^s 

tl&R-R' M7)\s*)Vft—#*- h (R = R ' 
tT) $%MT5ii!)5I$LU. RStfR' «C n H 
2n+lT'^$n-5 7^^;PSTf. n=l. 2. 3, 4. 5 
©•^KttK-f {£ttSTa&D»*U 
<^„ ^Tfc, 5£ (1) ifCOR&tfR* (n = 

1) ^JL^)Vm (n = 2) — 
h (DMC) . S?X^;i/*— h (DEC) 

JH?;W-*^-h^J;i3!ffSUK $e>fc, EC 

tR • r 1 stvm^*— b<z>M-&itWfcfeitm 30 
i : i \z.^x^*>mw&i$m.-xt.u%tz#>. s^it 

«#«Jtl$3 : 1~1 : 3 t-TSdt^CSf* 

!84>TL i + -ft>4)lHlt5*TftI ■ iESifittflS 
^S*SL?Stit)COT*n^^. L i PF 6 XBL i 
c i o 4 slk>ftl$i:l*i:3l!*t»tt*«inTi o . 

[0 0 2 4] 

&Jg'J^At;:*tb'>&< <fcfc0~3 V©«g«&©^ 

a -r^jfe »c ts o 5i u >j ^ a -< * > * wmk wr s c t 

3^A£^WT£^<5ii©^©&{t;$!5L i x SiO z ^ 
7C^MCD«.CD^{b%L i x MO z Klt^, U?^A*2p 

t^x, RriS6wt'j^^A< ^->*!Kiastm-T?^-5»BP^ 
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&©l$©#ffi# «fc o ,Jn$ t,ifcs6^«ii!£-C^t&«UTfc^ 
Bfj«»I©£{fc^5gfR©fiTa</h£ Ul?* cOffJ^Sr#-r 

^ifa^nr, a«e>T^Tit-f 

[0025] ^o>mz®nttWLn®mm*>nz>w& 
te&-rvhwe>&-v\tn^&. ^©E&icif^n*. ep 
t>. 'r^momivtos io z ^y^K^^y^mmwt. 

_*nf fC«fc .«JK£LttJUiig4MlL. i x S i .^ y 

My o z k&^twu v?-'} A-fyj-xD&mmtmzm 

[0 0 2 6] *ifcflfc,fcD:*:»9J£Mk:#»|fcBi 
[0 0 2 7] 

0SPXLfct)C0-Ca&-5. 2 ttX^>l/X8I§S©*-.y h75> 
fttl>5. *fS3«, ^^©T^ax^AffiSrHS 
Rjf^iS*-C0U5 L| 5'A7*'r;US:ia@ 1 4mm(rfT%fe^ 

^■?LK7^;i/A^e^-5-fe/ti^-^T*o> 

2-v?> h^->X^>©{*:^jt 1 : 1 : 2JB 
^SKlCja^KU^^AL i C 1 0 4 Zl^Jl/ 1 » 

mm. J9$l. 6mmTSoL 

[0 0 2 8] <^BSC»J 1 ) (fffll5t;ffll>5SWtL 
T, ffi^ Sh-y My O z (0<y<l, 0<z< 
2) T^$n. 7C5gM*^>^^^>w, XXSn. 



(7) 
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P b RZf* V $k B T & * -Jr-f % ©*g£&{b4& £ # ©« K 
bTf£©bfc. rUBgCD-^b^>^X7 i > (W0 2 ) . 
-K<bXX (SnO) , -mim (PbO) Xte&fb* 
■y-fji (B2O3 ) trtitisKD-mtr^ m (S iO) 

■?-n-€nM7t^tdr'r?gs i©®^&#i : 9 ©it ( y 
= 0. ncffi^) <t^s«t-5ic^ffiL. ajtckQ-e-n 

mm.* 7 0 ox:<Dum-ei 2mm&Mmi>, sanies i 

0.9 M 0 .i Oz (M = W, Sn, Pb, B) 

ItLTfflW;. cnf.€^n-6ng«Sa (Slo.9 
Wo. 1 <->l. 1 ) . b (S i o.9 Sno.i Oi.o ) • c 
(S i 0. 9 Pbo.l O1.0 ) > d (S i 0. 9 Bo.l O 

1.05) £-3-5. c\<D4mm<Dfsy>n\zmnm£VTtf7 
n^*na»jt6 5:20:1 5 (DWi^xm^Lxi^mm 

&ffltl,fZ, 'A\Z, C(DfcmM'&m£2 t on/cm 2 
-CifiS 1 5mmJ?£ 0. 3 mmffl^l/ y H \ztoK.I&&V 

*b— #fl:b&«. 2 0 0t;TioiF«S»K«b 

fcfc©£ffl^TJbK!i©3-f >&9-X h-tJl&ftmVtz. 
[0 0 2 9] u©»:LT^ILt4li©rX KtJP 

fctfitfrb. U^A?*^ JWi^SWCfTL i -A 
1 ■a-^<hfe4fcJ6. rXhtWfflt *tS<hbT&« 

ftltftoTSSlt. £©=(£{;: b Tit Stifc^X Mr 
JPSrffi^ff a , b, cRtfdtCttJSbT, ^-tt^l^X 
Hr;PA, B. C&tfDtT-S. 
[0 0 3 0] CKDitifCbT^bi'c^X h-feJPA, B. 
C. Dn%WimUm^. IzVT'ftifz. 1mA 



4#ff»=$ji 3 0 1 0 2 2 6 *t 
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o. 4v. turn wmm&*>®mtR*>'^ , J ; ?vj>.'(*> 
*»*aan*«»K«*'r*«»*ia]) ©^itmm 2 . 
5 v©&#Tjfe»«iM t/jv^n-att. c©<b£©3-y- 
-<^jua©3fiE«#tt^H2 k. tiimft&zmz tc^b 

fc. r^ht;i/B0 1U--f ^;us©^««fi»cM 

*^X^- hLfc. 

[0 0 3 1] COift*|»»'f *JHC*HT, 3cSK 
ffioTMSWL i - A 1 ^•^:^e,m^4>(C'J5 i 'i7A'f 

VTftmMomyms i i- y M y o z ttistisi,, s 

ttKS i l-y My 0 Z ICSm^WtCU^^A-f ^> 

{btlb i x S i i-y My O z *1CSS;«IC 
iSLTtt, C©tt£-&{bt)b 1 X Sil-y My O z A> 

^u^OA^^y^mmm^izma^ti. nmm*&& 
KjbT*Ms©L i -a i ^^KK^snsdiicfeo 
^(c»oiEb3ti*«-e#s. cicit, mmns u- y 
My Oz taiiHia©3E«icj;0'j9 1 ^A^^-rsy 
-imtTzmu^m^mit^iL i x s i i- y m v o, «« 

&±i&nmj>K\zw)^'oi**'£m-Tz>'r'tmii7t*kM 
om&mitmL i x - s i i- y M y o z *«tx^ 

[0 0 3 2] <Jt«W Jt«©fcJ&, ±j2E©2t:^BJ(;tt 
■SflHMt a~d ©tt*> 0 itimcD-miktr-i SSiO 
(©^SrliSSIB) *fPffl«OJS«jRi:bTffl^&a 

^tt, fltriB mmmi) ^mmizvrmmr^^ 

2t^ astute 3 ic. nMd^a©****::** 
T5Kt§iDX©|i^^ l tc^bfc. 
[0 0 3 3] 
[*1] 





1 if -f ^;HO*^§fiC^t5 








3 0. 7 % 




5 4. 0 96 



[0 0 3 4] 0 2&iy:H3d^Bje>^^«tC, i&j&iSL 
IxSii-yMyOz (0^x) T«^n, y-f^<t 

7c » m im&-r z> m &mtm * s t r * a * « 

^tzy-7, h-fe;l'A~D«. y = 0©^< ^©*©S?<b^l 



M1©L i-A!^iIl:»bT-0. 4~+0. 6 
V (^SU^^AlC^bT^lO- 1 VlC*M£-r-5) ©# 



L i x S i Oz €rfS#)Stbfc^x h-fe;i,R l ictk^ 5<? **««Wt-*«ft«)<l*»*Kt bT«k:«nTt»-5 
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itms io z *m®m£\,tz®&\zvc*<xWLm&®.ux 

fS^)M«i:bTfi^<t^L i x S i i- y M y O 

5fci!tm«ffl»{STfc / >^< . Li, s i o z zmvimt: 

[0 0 3 5] (USSW 2 ) *&K0!ltt. fHJ60iJ 1 <Dftm 
MVf&Wm a ~ d WfU> 0 lcTte<Z>#K bT-&fi£bfce 

jfeffiffl 1 <tl^#tcLTI^«^^X Mr;i/£f£®Lfc. 

[0 0 3 6] ffUfl«©S«Ktt3fc©«K:LTf|5«L;fc. 
TfjgKcD-gHfc^-fiSi (S i O) t-^kV>^> (Mn 
O) £S i :Mn*U : 1 ©^UttfcS&tdfFSU 

5 3 /im^TtC^g&bTifc&J&S i 0 .5 Mn 0 .5 0£ 

mt z> *5§ m \z j: s ?g mm. e * . 

[0 0 3 7] X, Jt«©fcJ6, ±8E©*«9il::ttse4*l 
ft e CDftft D fc, HftSB^^SS^J 1 C4JV»Ti»«fflCffl^ 
fcfcOiWUd^^r'f h (ftttiSttlt r 4 &NHB) R 
tf. TtfBScD— m\L>T-1 3(1 S i O (miaiCOffi^iH r 1) &. 
tf—tt<fcv>#> (JtttSltlK r 2 tBSIB) £-t-*v£tt 

Hfcffcfct, ±iB©#58g!©'x-X h-fe;PK)*^-<i:l^«lCb 

[0 0 3 8] ro&CLTfeSJLfc^X h-fe;l/£, « 
T, *n*no«6fflbfcf^ffl«©g*Re. rl, r2 
RZfr 4 (C*fj£U fXH-feJl-E, Rl, R2RtfR4 
^n^OfXht^E, Rl, R2&tfR 
4 £§HJ£0iJ 1 t|^i©MTSiliit-f ^Jl^frofct 

t^bfco 04~5*^^e>d^«Hc. ^B^tCfcS?" 

x h-te^EteJtiSE^x h-tr;uR 1 . R4tcit^<, ^cJ&s 
aitWS. MIC. iMi^CloTMiK 
)V<DftM (rtgBffifci) #*K*a<, 
[0 0 3 9] X. t"X H-fe^R 2«^X h-fe./WEtsis 
^ii5< (ft) . 1. 1V«T ('Jf?AI*ii:^LT 
^X h-fe^R 2 Kit^fgWcfe-S^X h-feJl/E<0^^ 

[0040] (*6&0»j 3 ) *nmm\z* mmm 1 ©fe/ji 
mnm^m. a ~ d d icTtew&K lt^lacs 



(8) «rffSfS3 0 1 0 2 2 6 
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mmm i t^siicbT^^^x h-fc;p£fe§sbfc„ 

[0 0 4 1] *IUS^©^fflSwe^«?:*©«lrLT 
1 OtSrS 1 : T 1 j&tflfJfcoqE^tfcift* KfFfi 

SiMtToo* c©»*ti 2P*nim*Ma3u ft 

f#Stt*:£fiJt#l (S I i-y T 1 y O) &*&W\Z&2>t£ 

10 [0 0 4 2] *mm&mti¥mffi<D%;®)MtLT. ±ta 
»Si :T i W^JHtd^WSfflScDfcCi^fPKbTtk 
fifcLfc. BP"£, (f 1) 3:1 (S i o.75T i. 
O.25O) , ( f 2) 1:1 (Sio.5Tio.5O) , 

( f 3) 1 : 3 (S i 0.25T i 0.75O) 03iT*5. 

[0 0 4 3] X. Jt«0>&»±12©*»WCft*e»K 

f i~ f 3<DRt>io\z. ±m<n-etf$.<DB§m\zm^ftz:m 
u-mtf-i ms i ot.~mt^?>T \ o**n?n 

<Dmmm.r IRtfr 3tl/TfflKfeiH ±$Z<D*5£W 
20 tfe-ST-X h-fe;i/OS-&i|^flHCbT, Hfil^^X b±. 

[0 0 4 4] CCD^icLTf^ffibfc^X h-fe;i/*. ^ 

t. ^-n^nw^fflLfc^fflgcoffi^s f 1, f 2, f 

3, r l&tfr 3CMf£L -Zn&tlTX hiZfrF 1, 
F2, F3, R 1WR 3 tWSfBf cn^OfXF 
-tTJi/F 1 ~F 1~R 3 1 2 t^C 

3teStSit-r 9 )V o t m <d 3 -y^r ^ ;p @ 

[0 0 4 5] H6ft«H7*6IB6M*l:. filSAL 
M i x Sii-yTiyOij-C^n, 

-feJI/Fl (f^>iy = 0. 2 5) SC/t^X h-fe;i/F 2 
(y = 0. 5) »4. ^#©ift*Ll x SiO,^ 
^XDmit^L i x T i O z SrfflUfc-r-X h-fe;UR IS 

vr 3 tcit^tt***^** < . as*ra©i<ras««a* 

tft«©f^»«ffiOSS38«*b</hS<a:oT*0, 5^X 
-/tf f|ffilC»LT-0. 4~+0. 6V (^JI'J^^AIC^ 

tllWtLTHCinri^i:,!:^^. — -ft. 
^>ffiy = 0. 7 5©rX h-tr;UA 3Ttt^tSSt®^fi 
«^r-f^(DKft®)L i x S iO z SfflWcfXhtAR 

T?. m®S^HiLT«t0^tlT^S. X, ^m©f^») 
5fl [0 0 4 6] ^n^©^>^, dCO^'J^'i'AS:^ 
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*rr*yf mt.7f><DW&wnt<ij}L i, s i |. y t i 

y O z »C*5^T. ^>ffiy <fcbTttO<y<l CD$5ffl 

»£b<teO<y<0. 75, ,fcOifSL<ao<y< 
o. 5ro«£(cl#t;:^&fi£ffiat*i*< 

[0047] ±j^©encir'f %£??>&&& 

?zme>mit®^&Z*&W\z£2>mMti.&MteV>)mL 

ix S!|-y TiyO z Cfe^Tte. 'J^A-f 
-SIM H##«K#Hit«e>'J3 1 £A'f 
[0 0 4 8] (*J®m) @8te, ^WCtfc-S^** 

D£ Dill I bit 3,, 1 3«, ^KE<D*^lCtt^ 

fCJ;Dftffi^-Xl lCSSStlt^S. 1 7«^ffiiJlt 
05£N i ;*y*bfcX^>l^X#IK<Z>IE4iy— XT<& 
0, lESS^^teT^-S. I 5\3.'&m<D*5£WlZ&Z> 

tt?^ 7-£t-&g«tt&*^e>fcsiEffi**#i 6 

iZ&QiEffitr-T, 1 7 IC^gf^nT^^. 14li*'J^ 
D tf b ><£>^?Lft7 ^ 6>te£>-fe/1 V— ?~x;$> K> . 

tts^y'v hT&O. M.M5— x l l iiE@^-x 

t»IHXf l/>*-#^- ht^fJUf;!/ 
*-#*-h©#«tfci : iM-£®m\z7sy yitV >m 

uf^AL i pf 6 & l^fr/ imffii<fc , b<D&m^ 

fc» ^?&CD;*:£;*te, ^|2 0mm, SSI. 6 mmf 

[0 0 4 9] Mffil 3tt*©«fc:LT«s»L;fc. 
lTfP§3bfc7£4&Ha (S i o. 9 Wo.i Oi.i ) €r#fg 

flligm ©itt^tbT/H^fc-IStt^ftS i 
O (tt«»«Rrl) £itt£ffl«ft®f£tlft<i:bTffl^ 

l|g^£Sfti£4 5:4 0:1 5fl39]&TH&LTftl& 
89<!:U ^tcccDftH^S)*2 t on/cm 2 T?Ill 
5mm. m£0. 1 4mmfiD^b-y h {CjDffif£^L-fc 

2 0 Ottl OI$|ll)M£EfiDJIft^bfcfc®&ftff& 
bfc. 

[0 0 5 0] ESI 5«^««(CLTf^lSLfe. *H{fc 
Uf'JAL i OH • H 2 0tM3/WhCoCO 3 <t 



(9) 1$M3 0 1 0 2 2 6§ 
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&{b*?ftB 2 0 3 SL1 : Co : B<£HE;l/J*#l : 
0. 9:0. 1 ift-S&tCfPffiU fL^*ffl^T+^S 
€rbfc'f&. 'CDfi£$!!l£*:Si;<t>8 5 CCCSSTl 2f$ 
ISJtn&S&fiBU &&5 3 wm^Tlcf&^&tib 

fc. ~tf>4&f$, 1»^!|a*2|Hl«SOjiUT*IISE0tJOIE 
MfeVonL i Coo.9 Bo. l O2 ££fifcb?t. 
[0 0 5 1] CCO^fi£!fe)*IEffiSW<i:b, cniCSim 

Silt 8 0:15: 5 CDgiJ^Til^bTjElg^J.h U 
/0 ^IC^©jEI^J4 2 ton/cm 2 Tlgl 6. 2m 
mJPSO. 7 OmmCtl/y MCJtaffiJ&ffi* bfcS. 10 
. 0XT1 O.Rff^«JEil0^ftj*bfct>CD*iE|gi bfc. 

[0052] c:©#K:bTff«*nfc«» c^-n^n© 
tfflLfctiffiMaMricmu tn^enmrn 
GR^sits) «, ^*a-c 1 arajmx— 

1 mAW^ttSitt?. ^E®<Di^iI:«)E 4 . 2 V. & 

[0 0 5 3] CCDmffiG«, ^«(C{6ioTIE<IS^«b 
i Coo.9 B 0 .i 0 2 *6t*I1'i:'J5 1 9A'f*>* 
SfcttiSn. £©U^£A^ SfMHlbTA 

■^A-r t>«i^nu f>A^«^-f fttTcft 

M (*>^7.5r>W) ©*£«flS«L i x S i 0. 9 W 

0.1 O1.1 dt^fiETS. *«k:i»bTWft*fl)'j 
g 1 ^ a z-s m-r -5 4r-f ft t Ttmu ommsmmfr <=> u 

^A<;*>a*«^4ncftffi£*i. Sft?i£4"£#®jb 

w TiE@ffi^aic©iE$nsc:t(tfto^{c*it3jib^ 

U^^AJMTSf^ttL i x Sio.9 Wo.i O 

jfcTte, ^K«B#^(C«U^^AS^Wr^^'f ft 
iTCftMOM^SMfclfcL ix' S i 0.9 Wo.i O1.1 £7£ 
fiKbT^-5,, 

[0054] S9^e>w6.*^«it, *mmz£z>nm 

40 mm,* 2 0+M ^;U*TfTofctC5. it«««fl&ST 
«Stm§«^«!JW^aw$5 9 0 JUcflTFbfcWlcttb® 

[0 0 5 5] ft, ^JE01JJ'*5^T«, ttmtVTV^'y 
&-7JV~L->yj±-£&RZfiL i X Coo.9 B 0 .l 0 2 » 

•&<Dm\Z. T1S 2 , M0S2, NbSe 3 ^©M* 
)VZ}^>itm, Mn0 2 , M0O3 . V 2 O5 , b ix 
Co0 2 , bi x Ni0 2> bi x Mn 2 0 4 m?>&M 
so mit®. #'J7nj >. ^'Jtfn-^, #'JA77i- 



(10) 
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m ^ * c: t & z. t \tm o * t t> & i>. 

[0 0 5 6] 

M^H?t&C7)ftffifi|^!ai:L.Tfflfi£^:L i x S I i- y M 
y O z (fib. O^x, 0<y<l, 0<z<2)T* 

7**U£«£|*<&*t>L<tt$--f**|*<8l 70 

fczmMtiiisyimzm (/>*:&©-?& k> . Rtais§.»RB. 

[0ffi©fS¥fct&91] 

[01] HIiS«mott*IMiilcfflt»fcTX H:*©1 
[0 2] *£^££&ttfe£1ftlEtti60Aflra4MC<Z>3 

[0 3] *»wt«t*e?i&tse*««&©ft«s%s©3 

[04] *^KJ:3m*<htE3fem©Jlffi»#lJt©3 



4#Wm3 0 1 0 2 2 6^ 
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[0 5] #fg5>mj:S@ffi<hft*1Bfl!l©llffi&#JK©3 
[0 6] *%Hj»cj;Sfifl&<fc(i£5Rm©Affift©)®©3 

■y-f ^^B©3te«fHftt©jt^^^Lfcia^0T*^. 

[0 7] ^^Wic.fc^QffitSE^^ffioftffiffi^KWS 

[0 8] *f£wiz&^Tmmi,*inm<nwme>-M&^ 

[09] *^K<fc3*ffi<hft*m©2-y-'fd7;i,B© 
tt«4« 14 © Jttt * * b 0 T * 3 . 

1 nwr-x 

2 
3 

5 

6 ftmmmmft 

7 mmm^-x 

8 tfX^yh 
1 1 

1 2 M.mmn#- 

1 3 us 

14 *.nv—9 

1 5 IE® 

1 6 iES*m#: 

1 7 IEffi^r-X 

18 ilT.'rv V 
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